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A simple method o f marking plant modules
in ecological studies
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Institute fu r  Ecological Research, Department o f  Dune Research,
« Weeuers' Duin », Duinzoom 20a, 3233 EG Oostcoorne, the Netherlands.
SUMMARY
/ )  A m a rk in g  m e th o d  useful in studies on the dynam ics  o f  seeds and  on the fate and  age 
s t ruc ture  o f  ab o v e -g ro u n d  m odules  is described.  Seeds and  m odules  were m arked  with small dots  o f  
latex paint .
2) M ark in g  had no efTect on the total  level o f  ge rm ina t ion  o f  Plantago lanceolata L. However ,  
ge rm ina t ion  o f  pa in ted  seeds was slightly delayed.
3) M ark in g  o f  leaves and  scapes caused hardly  any efTect on the growth  o f  Plantago media L. 
plants  in g reenhouse  exper iments .
4) T he  suitabil i ty o f  the m ark ing  m e th o d  was d e m o n s t r a te d  on  Plantago major L. in a field expe­
riment.
RÉSUMÉ
1) On  décrit  une m é thode  de m a rq u a g e  utile dans  les é tudes  sur  la d y n a m iq u e  des graines et 
sur le destin et la s t ruc tu re  d ’âge de modules  de plantes.  Les graines et les modules  sont  m arquées  
avec des petits points  de pe in ture  ou  latex.
2) Ce m arq u ag e  n 'ava i t  pas d 'effet  sur le niveau total  de ge rm ina t ion  de Plantago lanceolata L. 
C e p e n d a n t  la ge rm ina t ion  des graines m arquées  fut légèrement retardée.
3) Le m arq u ag e  des feuilles et des ham p es  n 'o n t  que  peu d'effet  sur  la croissance de Plantago 
media L. dans  des expériences en serres.
4) L ’intérêt  de cette m é thode  de m arq u ag e  a été d ém o n t ré  dans  des cul tures  au ch a m p  de 
Plantago major L.
INTRODUCTION
In studies on plant ecology and, especially in population dynamics many authors 
have emphasized the need of studying all stages in the life cycle of plants as w'ell as 
the importance of investigations on the demography of individual plant modules 
(e. g. H a r p e r , 1977; S o l b r i g  el a/., 1979; B l o m , 1979). In many cases studies on the 
fate of seeds and leaves require a marking method that can be used under laboratory 
and field conditions. A common indirect marking method applied in demographic 
studies and in sowing experiments in the field is the use of a mapping table; perma­
nent rods in the soil secure the fixed location of the mapping table during the obser­
vation period (cf. M a c k  &  H a r p e r , 1977; M a c k  &  P y k e , 1983). A method of direct 
marking to locate seeds is the use of radio-active tracers. For example, in a study 
of population dynamics W a t k i n s o n  (1978) observed the fate of seeds of Vitlpia
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membranacea L. which were labelled with scandium-46. W i l l a t  &  S t r u s s  (1979) 
used neutron radiography in the laboratory to investigate the germination and early 
growth of shoots and roots of Glycine max L., Zea mays L. and Vicia sativa L. B a z z a z
&  H a r p e r  (1977) described a method in which small colour-coded plastic rings were 
placed on leaves of Linum usitalissimum L. in such a way that different rings rested 
on leaves of different ages. This method proved to be very useful in experiments under 
laboratory conditions on vertically growing plants with a relatively simple morpho­
logical structure. Under field conditions, however, marks like plastic rings may 
easily cause damage to stems and leaves. Because of the disadvantages for use in 
the field of the indirect marking methods mentioned in literature, a direct marking 
technique was devised, suitable for use under relatively extreme field conditions. 
Seeds Plantago lanceolata L. were painted with white Latex wall paint and effects 
on the germination of marked seeds were studied. This method of marking also 
appeared applicable in studies in which individual plants are considered a population 
of modules. As an illustration, the fate and age structure of marked modules of 
Plantago media L. were studied in a greenhouse experiment. The same was done 
under relatively extreme conditions in the field for Plantago major.
These experiments were carried out as part of a multidisciplinary project on the 
relationship between demographic, physiological and genetic properties of some 
grassland species and the characteristics of their environment, in this project diffe­
rences in life-history characteristics between and within five Plantago species are 
being studied (cf. B l o m ,  1983).
M A T E R I A L S  A N D  M E T H O D S
So wing experiments
Seeds o f  Plantago lanceolata f rom a popu la t ion  in a dry dune  grass land  (W estdu inen ,  the N e th e r ­
lands) were used.  These  seeds were collected in the field and  s to red  at 5° C for two years.
T w o  series o f  sowing exper im ents  were performed.  Series 1 was carr ied  ou t  in Petri-dishes with 
wet filter pap e r  and  Series 11 in pots  (capaci ty  1 litre) filled with d une  sand  p o o r  in o rgan ic  m at te r  
(less than  2 %). Soil mois ture  con ten t  was 18 % by weight .  Before sowing ha l f  the n u m b e r  o f  the 
seeds was m ark ed  with a thin layer o f  white Latex wall paint  so tha t  one  h a l f  o f  each seed was covered 
with paint .  In bo th  series 100 m arked  and  100 u n m a rk e d  (contro l)  seeds were sown,  a n d  the exper i ­
ments  were replicated five times. These  exper im ents  were per fo rm ed  in the g reenhouse  at 18° C 
and  under  a p h o to p e r io d  o f  16 hours .
As a c o m p a r i so n  500 m arked  seeds o f  Plantago lanceolata were sown in the field (W es tdu inen)  
in o rde r  to get an impression o f  the recovery o f  m arked  germ ina ted  and  m arked  unge rm ina ted  seeds 
af ter  four  weeks.  A con t ro l  o f  500 u n m a rk e d  seeds was added .  M ark ed  and  u n m a rk e d  seeds were 
sown in a regular  pat tern .  The  ungcrm ina ted  seeds were recovered by sieving the upper  layer (0-5 cm) 
o f  the soil.
Marking o f  above-ground modules o f  plants grow ing under greenhouse conditions
T w o  series o f  plants  (U : u n m a r k e d ;  M  : m arked)  o f  Plantago media were involved. Each plant  
was grown in a po t  (capacity  3 litres) filled with  sand or ig ina t ing  from o lder  dunes .  N u t r ien ts  for 
op t im a l  growth  were added .  T o  analyse the g row th  o f  plants  the p ro d u c t  o f  the n u m b e r  o f  leaves 
an d  the length o f  the longest leaf had  proved to be a useful non-des truc t ive  m easure  under  field 
cond i t ions  (N oë  & Blom, 1982). Series U (u n m ark ed  plants) ,  serving as a b iomass  reference series 
in the labora to ry ,  initially consis ted of for ty- two plants  o f  which  five plants  at a t ime were harvested  
at regular  intervals.  The  corre la t ion  between abo ve -g rou nd  b iomass  and  the p ro d u c t  o f  the n u m b e r  
o f  leaves an d  the length o f  the longest  leaf  was 0.78 ( P <  0.05). The  u n m a r k e d  plants  o f  series U 
also served as a reference to series M  (m arked  plants)  to detect  possible effects o f  m ark ing  on growth.
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Series M  consis ted  o f  four teen p lants ;  immedia te ly  af ter  its appea rance ,  each leaf  an d  each  scape 
was m ark ed  with small do ts  o f  white paint  (Latex  wall paint)  in such a way tha t  the sequence  o f  
a p p ea ran ce  could  be recognized.  Latex wall paint  was chosen because  no pene t ra t ion  by this paint  
into the leaf was to be expected.  Each week the age o f  each  leaf, the length o f  the longest leaf, and  the 
n u m b e r  o f  leaves were de te rm ined  in both series. F u r th e rm o re ,  each  week the length o f  the longest  
scape with its spike and  the n u m b e r  o f  spikes per plant  were measured ,  because these charac te rs  give 
an indicat ion o f  seed p roduc t ion .  In the series M  all leaves and  scapes were m arked  an d  addi t iona l  
m easu rem en ts  on each m ark ed  m odule  were carr ied out .  These  results  will be publ ished  in a f o r th ­
com ing  paper.  T he  exper im en ts  were carr ied out  in the g reenhouse  dur ing  1982 at a t em p era tu re  
o f  22° C and  a p h o top e r iod  o f  16 hours .  A similar  exper im ent  was carr ied  ou t  with Plantago major ssp. 
major (see Plate I ).
P l a t e  1. —  Each leaf  and each scape o f  Plantago major is m arked  with small do ts  o f  white pa in t  
(Latex  wall paint)  in such a way tha t  the sequence o f  app ea rance  could  be recognized.
An example o f  application o f  the marking method in the field
T o  illustrate the appl icabi l i ty  o f  the m e th o d  in the field, under  r igorous  condi t ions ,  an exper i ­
ment  exam in ing  the influence o f  t r am p l ing  on plant  g rowth  is described. With the m e thod  o f  mark ing  
a l ready  described the leaf  d e m o g ra p h y  o f  t ram pled  and  u n t ram p led  individuals o f  Plantago major 
ssp. major was s tudied  in exper im en ta l  plots in the field. The  plants  were four  years  old when the 
m easu rem en ts  described below were s tar ted  an d  the t ram pl ing  t rea tm ents  had been applied during 
the whole  life t ime o f  the plants.  The  soil o f  these artificial plots consisted o f  sand  from the older  
dunes  as used in the g reenhouse  exper iments .  The  exper imenta l  field consisted o f  an un t ram p led  
series with a loose soil a n d  a t ram pled  series with a c o m p a c te d  soil. T ram p l in g  was s imula ted  by means  
o f  a t ram pl ing  machine  (see B l o m ,  1979). Plants  in the t ram pled  scries were t ram pled  individually
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six t imes a day  with a force o f  0.25 k g / c m -2 which equals  the force appl ied  by a m an  o f  m ed ium  
weight  (cf. L i d d l e ,  1975). For  this exper im ent  ten p lants  o f  each series were selected. T he  leaves 
o f  each  plant  were m a rk e d  with small dots  o f  white pa in t  (Latex  w'all pain t)  in o rd e r  o f  app ea rance .  
Each  for tn ight  the n u m b e r  o f  living leaves, and  the age o f  each leaf  were de te rm ined .
R E S U L T S
Sowing experiments
F ig u r e  1 s h o w s  t h a t  in b o t h  se r ies  a  h ig h  p e r c e n t a g e  o f  th e  s o w n  seed s  o f  Plan- 
tago lanceolata h a d  g e r m i n a t e d  w i th in  24 d a y s .  A t  th e  e n d  o f  th e  e x p e r i m e n t  in 
P e t r i -d i sh e s  s ig n i f ican t ly  m o r e  u n m a r k e d  t h a n  m a r k e d  seed s  h a d  g e r m i n a t e d  ( P < 0.05),  
w h e r e a s  n o  s ig n i f ic an t  d i f fe ren ces  in  to t a l  n u m b e r  o f  g e r m i n a t e d  seed s  w e re  f o u n d  
in soil .  In  b o t h  se r ies  g e r m i n a t i o n  o f  m a r k e d  seed s  w as  d e la y e d  c o m p a r e d  w i th  th e  
u n m a i k e d  o n e s ;  in P e t r i -d i sh e s  th e s e  d i f fe rences  w e re  fo r ty - e ig h t  h o u r s  o n  a n  
a v e ra g e ,  w h e r e a s  a  d i f fe ren c e  o f  tw e n t y - f o u r  h o u r s  w as  f o u n d  in th e  soil .  In  th e  field 
e x p e r i m e n t  89.8 %  o f  th e  s o w n  m a r k e d  seed s  h a d  b e e n  r e c o v e r e d  a f t e r  f o u r  w eeks .  
A t  t h a t  t i m e  10.9 %  o f  th e s e  r e c o v e r e d  seed s  h a d  e m e r g e d .  H a r d l y  a n y  d i f fe ren ces  
in p e r c e n t a g e  s e e d l in g  e m e r g e n c e  o c c u r r e d  b e tw e e n  t h e  m a r k e d  a n d  u n m a r k e d  
seeds ,  b u t  n o t  m o r e  t h a n  37.4  %  o f  th e  u n m a r k e d  seeds  h a d  b e e n  r e c o v e re d .
%  g e r m i n a t i o n
t i m e  (d a y s )
F i g .  1. —  The  germina t ion  o f  u n m ark ed  seeds o f  Plantago lanceolata (open symbols)  as well as o f  
seeds m ark ed  with  white dots  o f  Latex wall pa in t  (closed symbols) .  The  exper im ents  were carr ied  
ou t  in the g reenhouse  in Petri-dishes (open  and  closed circles) a n d  in pots  filled with  a sandy  
soil (open an d  closed squares) .
Marking o f  above-ground modules o f  plants growing under greenhouse conditions
T a b l e  I s h o w s  th e  m e a n  n u m b e r s  o f  leaves  a n d  sp ik e s  as  well  as  t h e  m e a n  le n g th s  
o f  th e  lo n g e s t  leaves  a n d  s c a p e s  w i th  s p ik e s  o f  u n m a r k e d  a n d  m a r k e d  Plantago media 
p la n t s .  F o r t n i g h t l y  re su l t s  a r e  g iven .  N o  i m p o r t a n t  d i f fe rences  in t h o s e  c h a r a c t e ­
r is t ics  w e re  f o u n d  b e tw e e n  b o t h  series .
In  t h e  o t h e r  l a b o r a t o r y  e x p e r i m e n t  th e  d i f fe ren ces  b e tw e e n  th e  m a r k e d  a n d  
u n m a r k e d  ser ies  o f  Plantago major ssp .  major w e re  a l so  sm a l l .  H o w e v e r ,  a t  t h e  e n d  
o f  th is  e x p e r im e n t  th e  leaves  a n d  sp ik e s  in th e  m a r k e d  se r ies  b e c a m e  s o m e w h a t  
s h o r t e r  t h a n  t h o s e  o f  t h e  u n m a r k e d  ser ies .
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T a b l e  I. — The effect o f  marking (Latex wall paint) on the development o f  vegetative
and generative modules o f  individuals o f  Plantago media.
Time (weeks) 2 4 6 8 10 12 14 16
N um ber U M U M U M U M  U M U M U M U M
o f  plants 42 14 42 14 40 14 39 14 29 14 24 14 17 6 12 8
N um ber  o f  leaves
X 4.0 3.9 5.4 4.6 8.2 7.1 12.0 10.6 15.6 14.4 17.3 18.7 18.1 18.8 19.0 17.6
S. E. 0.1 0.1 0.3 0.4 0.4 0.7 0.5 0.8 0.7 0.9 0.5 l.l 0.6 2.6 0.7 1.9
Length o f  the longest leaf (mm)
X 8.7 8.5 15.4 12.5 37.9 26.0 71.5 59.1 101.1 98.0 1 14.4 1 17.7 1 19.9 131.3 123.7 133.8
S. E. 0.3 0.5 0.9 1.6 2.5 3.9 3.9 6.3 3.9 6.5 3.5 4.7 2.7 7.4 4.1 5.6
Width o f  the longest leaf (mm)
X 3.9 3.9 9.1 7.7 20.6 14.9 38.8 31.9 55.0 51.6 61.3 61.0 62.7 64.8 64.6 65.8
S. E. 0.2 0.3 0.5 1.1 1.2 2.5 2.2 4.0 2.3 3.4 2.0 1.8 1.6 3.9 2.3 3.0
N um ber  o f  spikes
X 0 0 0 0 0 0 1.8 0.7 5.1 3.9 7.5 7.4 10.0 9.8 1 1.8 1 0 . 0
S. E. 0 0 0 0 0 0 0.2 0.4 0.5 0.6 0.5 0.5 0.5 0.7 0.7 1.0
Length o f  the longest spike (mm)
X 0 0 0 0 0 0 8.1 2.9 37.1 22.4 63.4 54.2 73.8 76.5 76.8 81.6
S. E. 0 0 0 0 0 0 1.3 1.6 4.2 4.9 4.9 6.2 3.4 5.5 3.4 3.0
U : unmarked plants. 
M  : marked plants. 
x  : mean value.
S. E. \ s tandard  error.
An example o f  application o f  the marking method in the f ie ld
T h e  m e a n  ag e  o f  th e  in d iv id u a l  leaves  o f  t r a m p l e d  a n d  u n t r a m p l e d  p l a n t s  o f  
Plantago major is g iven  in  fig. 2. U p  to  J u ly  o n ly  s l ig h t  d i f fe rences  in l e a f  age  b e tw e e n  
b o t h  se r ies  w e re  o b s e r v e d ;  th e  m e a n  ag e  o f  th e  in d iv id u a l  leaves  w as  a b o u t  seven  
w eeks .  T h e  l e a f  ag e  o f  th e  u n t r a m p l e d  p l a n t s  d id  n o t  c h a n g e  d u r i n g  th e  g r o w in g  
s e a s o n .  In c o n t r a s t ,  t h e  t r a m p l e d  p l a n t s  h a d  m a n y  re la t iv e ly  y o u n g  a n d  sh o r t - l iv in g  
leaves  (l ife s p a n  a b o u t  t h r e e  w eek s )  in th e  s e c o n d  h a l f  o f  th e  s e a so n .  O n  a n  a v e ra g e  
a  to t a l  o f  f o r t y - o n e  leaves  w as  f o r m e d  o n  a  t r a m p l e d  Plantago major p l a n t ,  w h e r e a s  
in o n e  s e a s o n  tw e n ty - f o u i  leaves  w e re  f o u n d  o n  u n t r a m p l e d  p lan ts .  Bes ides  d i f fe rences  
in l e a f  ag e  b e tw e e n  b o t h  se r ies ,  d i f fe ren ces  in n u m b e r s  o f  l iv ing  leaves  a n d  in th e  
l e n g th  o f  th e  lo n g e s t  l e a f  w e re  a l s o  f o u n d  (fig. 3 a, b). In th e  g r e a t e r  p a r t  o f  th e  g ro w in g  
s e a s o n  th e  m e a n  le n g th  o f  th e  lo n g e s t  l e a f  o f  t r a m p l e d  p la n t s  w as  s ign i f ican t ly  g r e a t e r  
t h a n  t h a t  o f  th e  u n t r a m p l e d  p la n t s .
In a d d i t i o n  to  th is ,  t h e  d i f fe ren ces  b e tw e e n  b o th  se r ies ,  a s  fa r  as  n u m b e r s  o f  
f lo w er in g  in d iv id u a l s  a n d  th e  n u m b e r s  o f  sp ik e s  p e r  p l a n t  a r e  c o n c e r n e d ,  w e re  s t r ik in g .  
M o s t  f lo w e r in g  Plantago major p l a n t s  w e re  f o u n d  in th e  t r a m p l e d  se r ies  a n d  a t  th e  
e n d  o f  A u g u s t  t h e  n u m b e r  o f  s p ik e s  p e r  p l a n t  in t h e  t r a m p l e d  ser ies  w as  6 . 8  ±  0 .6 
a n d  2 .0  ±  0 .4  ( m e a n  ±  5 .  £ . )  in th e  u n t r a m p l e d  series .
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F i g .  2."—  T h e  m e a n  a g e  ( l e n g t h  o f  l i n e s )  w i t h  9 5  % c o n f i d e n c e  l i m i t s  ( ■ ) o f  s u c c e s s i v e  l e a v e s  p e r  
Plantago major p l a n t  o n  s t r o n g l y  c o m p a c t e d ,  h e a v i l y  t r a m p l e d  so i l  ( l e f t ,  a) a n d  o n  l o o s e  so i l ,
W M
u n t r a m p l e d  ( r i g h t ,  b).
D I S C U S S i O N
In  a n i m a l  e c o lo g y  m a r k i n g  m e t h o d s  w i th  p a i n t s  h a v e  b een  used  su ccess fu l ly  
fo r  a  lo n g  t im e  (e. g. S o u t h w o o d ,  1976),  b u t  in p l a n t  e c o lo g y  e x a m p l e s  o f  n o n - d e s ­
t r u c t i v e  m a r k i n g  t e c h n i q u e s  a r e  sca rce .  S ince  th e  p r o p e r t i e s  o f  a  p l a n t  p o p u l a t i o n  
s t r o n g l y  d e p e n d  o n  e v e n t s  o c c u r r i n g  in th e  e a r ly  s tag es  in th e  life cycle  o f  p l a n t s  (e. g. 
H a r p e r ,  1977) m a n y  a u t h o r s  h a v e  r e p o r t e d  o n  th e o r e t i c a l  a n d  e x p e r i m e n t a l  a s p e c t s  
o f  th e s e  e a r ly  s ta g e s  l ike  d i s p e r s a l ,  d o r m a n c y ,  seed  b a n k  a n d  s e e d l in g  r e c r u i t m e n t  
(e. g. L e v i n s ,  196 8 ;  v a n  d e r  P i j l ,  196 9 ;  G r i m e ,  19 7 9 ;  B e g o n  &  M o r t i m e r ,  19 8 1). 
T o  fo l lo w  th e  fa te  o f  in d iv id u a l  seed s  a n d  s e e d l in g s  in th e  field m a r k i n g  c a n  be very  
u se fu l .  O n e  e x a m p l e  o f  su c h  a n  a p p r o a c h  is t h e  w o r k  o f  W a t k i n s o n  (1978)  w h o  used  
s c a n d i u m - 4 6  to  s t u d y  th e  d y n a m i c s  o f  seed  p o p u l a t i o n s .  S eed s  m a r k e d  w i th  r a d i o ­
a c t iv e  t r a c e r s  c a n  be r e c o v e r e d  eas i ly  in th e  field a n d  n o  in h ib i t io n  o f  g e r m i n a t i o n  
d u e  t c  s c a n d i u m - 4 6  w as  f o u n d  ( L a w r e n c e  &  R e d i s k e ,  I960),  b u t  th i s  m e t h o d  m a y  
c a u s e  p r o b l e m s  in d e n s e ly  p o p u l a t e d  a r e a s .  M o r t i m e r  (1974) s tu d ie d  th e  m o v e m e n t
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Oc t obe r 
t i m e  ( d a y s )
F i g .  3. —  M ean  n u m b e r  o f  living leaves (left) and  mean  length o f  longest  leaf (right) per Plantago 
major p lant  g rowing  in an exper imenta l  plot.  Crosses :  s t rongly  co m p ac ted  soil, heavily t r a m ­
pled. D o ts :  loose soil, un t ram plcd .  Vertical bars :  two s tan d a rd  errors .
o f  p a i n t e d  seed s  o n  th e  g r o u n d  s u r f a c e  a n d  W a t k i n s o n  (1978) used  a s m a l l  d o t  o f  
na i l  v a r n i s h  as  a  v isua l  c o n f i r m a t i o n  o f  r a d io -a c t iv e ly - l a b e l l e d  seeds ,  b u t  th e  effects 
o f  th e s e  p a in t s  o n  g e r m i n a t i o n  w e re  n o t  d i s c u s s e d .  A s  w as  s h o w n  in th e  p r e s e n t  p a p e r  
p a i n t i n g  c a n  be a  usefu l  a l t e r n a t i v e  to  r a d io - a c t iv e  l a b e l l in g  b e c a u s e  th e  effects  o f  
t h e  L a tex  p a i n t  o n  g e r m i n a t i o n  a r e  re la t iv e ly  sm a l l .  C o m p a r e d  w ith  the  m a p p i n g  
t e c h n i q u e s  o f  u n m a r k e d  seed s  as  d e s c r ib e d  by M a c k  &  P y k e  (1983),  th e  p a i n t i n g  o f  
in d iv id u a l  seeds  p r o v id e s  a d v a n t a g e s  b e c a u s e  h o r i z o n t a l  m o v e m e n t s  o f  s eed s  in th e  
soil c a n  be m o r e  eas i ly  d e t e c t e d  a n d  d i s c r i m in a t i o n  o f  n a t u r a l l y  o c c u r r i n g  a n d  so w n  
e m e r g e d  seeds  is p o ss ib le .  It w as  p r o v e d  t h a t  u n g e r m i n a t e d  m a r k e d  seed s  c o u ld  
eas i ly  be f o u n d  a f t e r  th e  s iev ing  o f  th e  u p p e r  soil laye rs  a n d  in th e  first few d a y s  a f t e r  
t h e  e m e r g e n c e  o f  Plantago lanceolata s e ed l in g s ,  th e  m a r k e d  seed  c o a t  r e m a in e d  
a t t a c h e d  to  th e  c o ty l e d o n s ,  w h ic h  m e a n s  t h a t  r e c o g n i t io n  o f  m a r k e d  seeds  a f t e r  e m e r ­
g e n c e  w as  still  p o ss ib le .  T h e  n e u t r o n  r a d i o g r a p h y  a n d  14C  t e c h n iq u e s  a r e  c o m m o n l y  
u sed  to  s t u d y  c e r t a in  a s p e c t s  o f  s h o o t  a n d  r o o t  g r o w t h  u n d e r  l a b o r a t o r y  c o n d i t i o n s  
(e. g. W i l l a t t  &  S t r u s s ,  1979; N o b l e ,  1976; T i e t e m a ,  1980). in  s tu d ie s  in w h ich  
d e m o g r a p h i c  p r o p e r t i e s  o f  a b o v e - g r o u n d  m o d u l e s  a r e  u n d e r  in v e s t ig a t io n ,  th e  m e t h o d  
in w h ic h  p a r t s  o f  p la n t s  a r e  m a r k e d  w i th  p a in t  p r o v id e s  a  s i m p l e r  t e c h n iq u e .  A p r e ­
r e q u i s i t e  o f  a n y  m a r k i n g  t e c h n i q u e  is t h a t  it s h o u l d  n o t  affect th e  lo n g ev i ty  o r  g r o w th .  
A l t h o u g h  sm a l l  d i f fe rences  in l e n g th  o f  leaves  a n d  s p ik e s  b e tw e e n  m a r k e d  a n d  u n m a r ­
ked  p la n t s  w e re  f o u n d ,  it is l ike ly  t h a t  th e s e  d i f fe rences  a r e  r a t h e r  to  be a s c r ib e d  to  
d i s t u r b a n c e s  c a u s e d  by th e  h ig h e r  f r e q u e n c y  o f  t o u c h i n g  th e  p l a n t s  t h a n  to  th e  use o f  
th e  sm a l l  d o t s  o f  L a tex  p a i n t ;  in m a n y  cases  it w as  o b s e r v e d  t h a t  f r e q u e n t  m e a s u r i n g  
o f  p la n t s  c a u s e d  a  g r o w t h  r e d u c t i o n  ( V a n  d e r  T o o r n  &  M o o k ,  1982 a n d  J. P. v a n  
d e n  B e r g h ,  p e r s o n a l  c o m m u n i c a t i o n ) .  A p p a r e n t l y  Plantago media is less s u s c e p t ib le  
to  th is  k in d  o f  d i s t u r b a n c e  t h a n  Plantago major. T h e  m e t h o d  o f  m a r k i n g  d e s c r ib e d  
in th e  p r e s e n t  p a p e r  w as  a l so  useful  u n d e r  re la t ive ly  e x t r e m e  field c o n d i t i o n s  as  was  
s h o w n  in th e  t r a m p l i n g  e x p e r im e n t .
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In  c o n c lu s io n  it c a n  be s t a t e d  t h a t ,  a t  lea s t  fo r  p l a n t s  w i th  re la t iv e ly  l a rg e  seeds ,  
m a r k i n g  w i th  L a te x  w al l  p a i n t  p r o v i d e s  a  usefu l  t e c h n i q u e  fo r  t h e  s t u d y  o f  seed  
d y n a m ic s .  F u r t h e r m o r e ,  m a r k i n g  p l a n t  m o d u l e s  w i th  s m a l l  d o t s  o f  L a tex  wal l  p a in t  
h a s  a  n eg l ig ib le  effect  o n  th e  d e v e l o p m e n t  o f  t h e  p l a n t .  T h i s  s i m p l e  m e t h o d  h a d  
p r o v e d  t o  be usefu l  in l a b o r a t o r y  a n d  field s tu d ie s  o n  d e m o g r a p h i c  p r o p e r t i e s  such  
as  l e a f  age  a n d  l e a f  a n d  s p ik e  t u r n o v e r  ra te s .
Wc thank  Dr. J. W .  W o l d e n d o r p  and  Dr. P. J. M. v a n  d e r  A a r t  for cri tically reading  the
m anuscr ip t ,  Mr.  W. J. N. M. V e r h o l t  for d rawing  the figures a n d  Dr. L. A. B o o r m a n  for co rrcc t ing
the English text. G ra s s lan d  Species Research G ro u p .  Publ .  No.  76.
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